Abstract A virus associated with severe mosaic disease of gherkin (Cucumis anguria L.) in south India was identifi ed. The infected plants showed mosaic, vein banding, blistering on malformed leaves and fruits. Host range, transmission, serological and electron microscopic studies were carried out to identify the virus. The virus was readily transmitted by Sap inoculation and by aphids in a non-persistent manner. The host range of the virus was mainly limited to cucurbitaceous and chenopodium species. The virus showed positive serological relationships with members of potyvirus genus but not with cucumo, ilar and taspoviruses. Electron microscopy of leaf dip preparation of infected leaves revealed long fl exuous fi lamentous virus particles measuring 750 × 12 nm. On the basis of symptomotology, host range, transmission, serology and particle morphology the virus associated with mosaic disease of gherkin might be the member of potyvirus genus.
Introduction
Gherkin (Cucumis anguria L.) is an important cucurbitaceous vegetable crop grown in southern states of India like Andhra Pradesh, Karnataka and Thamil Nadu for slicing and pickling. Not only the gherkins are consumed in India but also exported to other countries. Viruses are the most common causes of diseases affecting cucurbits. These diseases result in losses through reduction in growth and yield and are responsible for distortion and mottling of fruit, making the product unmarketable. More than 25 viruses belonging to genera Cucumo, Como, Tobamo, Poty and Ilarvirus are known to infect cucurbits world wide [1] . The genus Potyvirus is the major virus group infecting cucurbits, of which Zucchini yellow mosaic virus (ZYMV), Watermelon mosaic virus 2 (WMV-2) and Papaya ringspot virus-watermelon isolate (PRSV-W) are economically important and have world wide distribution [2] . The mosaic disease in cucurbits was reported to cause by several viruses including members of genera Cucumo, Como, tobamo and potyvirus [3] .
During the survey of commercial gherkin fi elds around Kuppam, Andhra Pradesh in 2003, the natural infection of mosaic disease exhibiting mosaic, blistering, vein banding, malformation of leaves and fruits of gherkin has been widely observed. The disease incidence was found to be 30 to 60% with considerable loss in fruit yield. In the present communication we report the results of biological, serological and electron microscopic studies of a virus causing severe mosaic disease of gherkin in India and its identifi cation as a member of potyvirus genus.
The infected gherkin leaf samples showing typical mosaic symptoms were collected from commercial fi elds and maintained both gherkin and pumpkin by mechanical sap inoculation for further characterization of virus. For sap inoculation, young symptomatic leaves collected from diseased gherkin plants were triturated in a pre-chilled mortar using cold 0.01 M potassium phosphate buffer pH 7.0 containing 0.2% 2-mercaptoethanol (1g leaf in 9 ml buffer). The 600 mesh carborundum dusted young leaves of healthy seedling of gherkin and pumpkin were rubbed gently with freshly prepared inoculum using muslin cloth pad.
Aphid transmission was conducted with two aphid species Myzus persicae and Aphis gossypii as described by Singh et al (2003) [4] . The infection on test plants were confi rmed by inoculation to local lesion assay host Chenopodium amaranticolor.
For host range studies, plant species belonging to four dicotyledonous families (Table 1) were mechanically inoculated with crud sap as described above. Ten plants of each species were inoculated and kept under observation for the development of symptoms. The infection on plants inoculated was confi rmed by back inoculation to gherkin and also to local lesion assay host Chenopodium amaranticolor.
Direct antigen coating ELISA was performed according to the method of Hobbs et al (1987) [1] to determine the serological relationships of the virus with polyclonal antiserum of Zucchini yellow mosaic virus (ZYMV), Papaya ringspot virus-watermelon isolate (PRSV-W), Tobacco etch virus (TEV), Potato virus Y (PVY), Cucumber mosaic virus (CMV), Tobacco streak virus (TSV) and Peanut bud necrosis virus (PBNV). The virus infected and healthy gherkin leaf antigens, extracted in carbonate buffer, pH 9.6 at 1:10 dilution, were used to coat the plates. The crude antisera at 1:500, alkaline phosphatase labeled goat antirabbit antibodies at 1:1000 and para-nitrophenyl phosphate substrate at 5 mg/10 ml concentration were used at subsequent steps. After one hour of adding the substrate, the absorbances were measured at A 405 in Bio-Rad Model-680 microplate reader.
Electron microscopy of infected leaves was carried out at the Regional Plant Quarantine station, Chennai. A small drop of fresh leaf dip preparation was placed on a piece of parafi lm. The copper fi lm coated grid was placed on the virus preparation (carbon fi lm facing the leaf dip preparation). After 10 min the grid was negatively stained with 2% uranyl acetate (pH 4.5) and examined under JEOL-100-CXII electron microscope.
The disease could be easily transmitted by mechanical sap inoculation from naturally diseased gherkin to healthy seedlings of gherkin and pumpkin. After 12-15 days of inoculation the plants showed typical symptoms of the disease such as mosaic, blistering (Fig. 1b), vein banding (Fig. 1c&d ) malformation of leaf margins and dark green irregular shaped blisters on malformed fruits (Fig. 1a) . The virus was transmitted in a non-persistent manner by both the aphid species tested, but the effi ciency differed with aphid species. Aphis gossypii (80-90%) transmitted more effi ciently than Myzus persicae (60-80%). Symptoms of plants infected by aphid transmission were similar to those observed in the fi eld.
Host range of the virus isolate was mainly confi ned to the members of the family Cucurbitaceae. They showed mainly systemic mosaic and dark green vein banding symptoms after 12-15 days of inoculation. Chenopodium species produced chlorotic local lesions. No symptoms were observed on other non-cucurbitaceous plant species even after 30 days of inoculation (Table 1) . Similar fi ndings with respect to transmission and host range have been reported in case of yellow mosaic disease on zucchini caused by a potyvirus [7] and WMV-1 causing mosaic syndrome in cucurbits in Punjab state [6] .
In DAC-ELISA the virus isolate was positively reacted with polyclonal antisera of PRSV-W, ZYMV, and TEV but not with CMV, PVY, TSV and PBNV. Long fl exuous fi lamentous particles measuring 750 × 12 nm could be observed in electron microscopy of leaf dip preparation of diseased leaves (Fig. 2) .
On the basis of symptomotology, transmission, host range, serological relationships and particle morphology, the authors conclude that the virus causing mosaic disease of gherkin might be the member of genus potyvirus of the family potyviridae. However, the exact taxonomic identity of the virus requires its molecular characterization. In India, potyviruses have been reported on several cucurbits [7] and an outbreak of tobacco streak ilarvirus causing necrosis disease in gherkin has been reported [8] . But, no other viral infections in gherkin were identifi ed sofar and this is probably the fi rst report on natural occurrence of potyvirus on gherkin. 
